
Published in: Electronic and Atomic Collision: Abstract of Contributed Papers (1979), vol.1, pp. 354-355 

Status: Postprint (Author’s version) 

 

DISSOCIATIVE IONIZATION OF CH4 AND CD4 BY LOW ENERGY 

ELECTRON IMPACT THE PROTON FORMATION 

 

J.L. OLIVIER, R. LOCHT, J. MOMIGNY 

Institut de Chimie, Université de Liège, Sart-Tilman par Liège I, Belgium 

 

The dissociative excitation and the dissociative electroionization of CH4 giving rise to high Rydberg H 

atoms and to H
+
  respectively have been published (1,2). In the present contribution a recent investigation of the 

last process will be reported which is in close agreement with the dissociative excitation result. It disagrees with 

the electroionization work (1) in both aspects: the lower part of the H
+
  ion energy distribution and the lowest 

appearance energies measured for H+ . 

The present dissociative ionization work on CH4  (CD4) producing H
+
  (D

+
) has been examined by 

electron impact using ion energy analysis. The instrument used in this work is fully described elsewhere (3). The 

kinetic energy distribution of H
+
 (D

+
) has been recorded at electron energies from 22-75 eV. D

+
 distributions 

obtained close to the threshold are shown in fig. 1. In agreement with previous results, the peak at 2.3 eV has a 

constant FWHMover a wide electron energy range. 

The features in the distribution at high ion energy for 30-75 eV electrons agree with those published 

earlier (1,2). APPELL (1) does not find a thermal peak, whereas it is detected in the present ion energy 

distribution from threshold up to 75 eV. Furthermore it has been verified that the peaks at 0 eV and 2.3 eV are 

related to first order process both with respect to the pressure of CH4 in the ion source and to the electron beam 

intensity. The intensity of about 0.5 eV ions appearing at higher electron energies is at least partially a second 

order process. 

Fig.l : D
+ 
 ion energy distributions for 25 eV, 23 eV and 22 eV electrons. 

 

 
 

 

The first differentiated ionization efficiency curves of H
+ 
(D

+
) have been recorded for different ion 

energies. For the ions of thermal and 2.3. eV energy the measured threshold is (21.3 ± 0.3)eV and (22.17 ± 

0.1)eV respectively.  The lowest threshold published by APPELL (1) is 24 eV, while the threshold for 

dissociative excitation of CH4 in H (n = 4) atoms is measured at (22.0 ±  0.5)eV.  A kinetic energy, plot for the 

two first  thresholds of H
+
 (D

+
) is shown in fig. 2. The processes at 21.3 eV and 22.17 eV are both interpreted by 

the excitation of CH4  (CD4) to a neutral Rydberg state.  The subsequent dissociation can be described in the 

frame of the RICE-JORTNER model (4) where the dissociation takes place by interaction of a discrete state with 

a quasi continuum of vibronic levels interacting with the dissociation continuum.  The results of the dissociation 

in high Rydberg H atoms (2) could be explained in the frame of the same model. 
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Fig.2 : Kinetic energy-versus - appearance energy plot for H

+
/CH4 and D

+
/CD4· 
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